Abstract. We present preliminary structural results of the non-structural protein 3 (nsP3) macro domain from the Mayaro virus (MAYV), an emerging virus of South American tropic regions, by means of synchrotron X-ray powder diffraction. Indexing of the diffraction patterns indicate a trigonal/hexagonal lattice (a ¼ 61:60 A, c ¼ 94:61 A), analogous to the known lattice of the sequence homologous nsP3 macro domain from the Chikungunia virus (CHIKV), though MAYV must have looser molecular packing: the cell dimensions of MAYV are significantly altered in comparison to CHIKV and the unit cell comprises 6 molecules and 58% solvent. The results are discussed in terms of their methodological and biological importance.
Introduction
Obtaining the atomic structure of a target protein is a key step for rational drug design. It currently depends on the availability of good quality single crystals. Recent developments in X-ray powder diffraction (XPD) show that this might not always be the case [1] [2] [3] [4] [5] [6] , thus widening the range of proteins, which might be structurally characterized. Indeed, many macromolecules of interest do not readily form single crystals, but instead form microcrystalline powders adequate for XPD. In this study, we report the first structural results for the nsP3 protein macro domain from the Mayaro virus (MAYV), an emerging virus of South American tropic regions, obtained via synchrotron XPD (SXPD).
MAYV belongs to the genus alphavirus of the Togaviridae family, first isolated in 1954 in Trinidad [7, 8] . The virus is responsible for a dengue-like acute febrile illness in tropical South America where it is endemically enzootic [9, 10] . The main vector is the Haemagogus mosquito. Recent demographic changes in South America as well as the possibility of transmission and infection of humans via Aedes aegypti indicate increasing prevalence of this disease, considered as one of the major emerging diseases in the neotropics [9] [10] [11] [12] [13] [14] . Macro domains (also called "X domains") are evolutionary conserved protein domains across a wide variety of species including viruses of the Coronaviridae and the Togaviridae families [15] . We recently determined the crystal structures of macro domain from the Chikungunya virus (CHIKV) and the Venezuelan Equine Encephalitis virus (VEEV) at 1.65 A and 2.30 A resolution respectively by single crystal X-ray diffraction. These macro domains are active as adenosine di-phosphoribose 1 00 -phosphate phosphatases [16] . Despite significant effort good quality single crystals of the MAYV nsP3 macro domain were not available whereas crystallization trials resulted in reproducible microcrystalline samples, mainly needles as shown in Fig. 1 . SXPD diffraction patterns were measured at the ID13 and ID11 beamlines at the European Synchrotron Radiation Facility (ESRF). Indexing of the diffraction patterns indicate a trigonal/hexagonal unit cell (a ¼ 61:60 A, c ¼ 94:61 A), analogous to the known lattice of the sequence homologous nsP3 macro domain from the Chikungunia virus (CHIKV), though MAYV must have looser molecular packing: the cell dimensions of MAYV are significantly altered in comparison to CHIKV and the unit cell comprises 6 molecules and 58% solvent. The results are discussed in terms of their methodological and biological importance.
Protein expression and purification
The sequence coding for the N-terminus domain of nsP3 (amino acid position 1 to 160) was amplified on cDNA of MAYV (strain TRLV4675) and cloned into the pOPINI plasmid [17] . The protein was expressed and purified according to the same protocol as for the CHIKV and VEEV macro domains [16] . At the end of the process, a pure protein concentrated to 14 mg/ml in 10 mM Hepes pH 7.5, NaCl 300 mM. ADP-ribose was then added at a final concentration of 2 mM. Initial crystallization screenings at 20 C were performed with commercial kits using the vapour diffusion method with sitting nanodrops. Production at a larger scale of crystals were performed in Linbro plates from two screening conditions: i) imidazole malate 0.2 M pH 6, 20% (v/v) PEG 4000 (Fig. 1, upper panel) and ii) Sodium acetate 0.1 M pH 4.6, 40% PEG 200 (Fig. 1,  lower panel) . Both conditions resulted in needle-like crystals of similar morphology. However, the first crystallization method utilizing imidazole malate led to sufficient amount of crystalline material. Initially, microcrystals obtained in 40 drops made with 1 ml of protein and 0.5 ml of precipitation solution (imidazole malate) were gathered in a 1.0 ml tube for measurements at ID31 beamline. Additional powder diffraction measurements on the remaining part of the material were performed on ID11 beamline after the sample has been kept at 4 C for approximately 60 days. The measurements at ID31 and ID11 beamlines are presented in the next section.
Results and discussion
For the large unit cells typical of proteins, the choice of the instrumental configuration is a key issue [4] . High quality diffraction profiles, in terms of minimum peak widths to reduce peak overlap, and signal-to-noise ratio, are frequently obtained at the high resolution powder diffraction beam line ID31 at the ESRF [18] . A series of measurements was performed on a MAYV sample prepared using the hanging drop method. An adequate quantity of microcrystals, prepared with imidazole malate 0.2 M pH 6, 20% (v/v) PEG 4000 ( Fig. 1, upper panel) , was achieved by mixing 40 drops made with 1 ml of protein and 0.5 ml of precipitation solution. The microcrystals, loaded in a Kapton capillary tube of 1 mm inner diameter, were densely packed by centrifuging. Excess liquid was removed and the tube was sealed with wax to prevent protein dehydration. Initial measurements were performed at ID31. Additional powder diffraction measurements on the remaining part of the material were performed on the ID11 beamline after the sample has been kept at 4 C for approximately 60 days.
At ID31, the sample was mounted on the axis of the diffractometer and patterns were measured with a period of 2.0 min using a beam size of 2.0 mm horizontal Â 1.0 mm vertical. Diffraction data were collected at room temperature and a wavelength of 1.29983(2) A. Appreciable changes were observed in the data after several patterns had been collected, i.e. changes in the lattice parameters accompanied by a gradual increase in peak widths and significant loss of intensity, which are common characteristics of radiation damage. In order to increase the counting statistics Preliminary insights into the non structural protein 3 macro domain without compromising the data quality, the capillary was translated to give a fresh region of sample as soon as radiation damage effects were evident. Comparable scans were summed together.
The summed profile from the ID31 measurement is shown in the lower panel of Fig. 2 . The data, characterized by restricted d-spacing resolution, low signal-to-noise ratio, increased background and a limited number of diffraction peaks, are indicative of low sample crystallinity. Using positions extracted for the first 19 diffraction peaks a trigonal/ hexagonal unit-cell with dimensions of a ¼ 61.503 A, c ¼ 94.488 A was found using DICVOL [19] , with figures of merit Mð19Þ ¼ 9:5 and Fð19Þ ¼ 55:3. Owing to the limited information content of this profile, additional data were necessary in order to verify this result and continue with our analysis. Therefore, measurements were performed using an area detector at ID11 after the sample was kept in 4 C for about 2 months and more crystals were grown.
Data of improved quality were obtained at ID11 owing to the longer time for crystal growth and higher counting statistics achieved by using an area detector (Fig. 2, upper  pannel and Fig. 3 ). The ID11 measurements were performed at a wavelength of 0.3492 A. The beam was focused on the surface of a Frelon4M 2k Â 2k CCD camera with 50 Â 50 mm 2 pixel size [20] . The sample-detector distance was 1437 mm, calibrated using silver behenate [21] . A series of images was collected with 1-minute exposure at room temperature (RT) and these were compared in order to monitor any radiation damage. In a powder diffraction measurement, all of the Laue conditions are satisfied simultaneously by different microcrystals, which are randomly oriented in the sample. The three-dimensional pattern of Bragg peaks in reciprocal space collapses onto a series of concentric rings, Fig. 3 . Each ring represents the set of reflections corresponding to a particular d-spacing in the sample. The smooth rings observed in this case show that the sample is close to being an ideal powder, i.e. no preferred orientation of the needle-like crystals, which would produce intensity variations around the rings, and no evidence of larger crystallites giving dominant diffraction spots. The two-dimensional images were transformed into one-dimensional powder diffraction patterns via Fit2D [22] , as shown in the upper panel of Fig. 2 . Similar patterns were then summed to enhance counting statistics. Using positions extracted for the first 15 diffraction peaks a trigonal/ hexagonal unit-cell with dimensions of a ¼ 61:60 A, c ¼ 94:61 A was found using DICVOL [19] , with figures of merit Mð15Þ ¼ 17:1 and Fð15Þ ¼ 115:9, indicating a substantially correct indexing [23] . A probabilistic approach for the space group determination [24] incorporated into DASH [25] indicated that the extinction symbol P3 1 should be chosen, giving possible chiral space groups P3 1 , P3 1 Table 1 . Different structural models of the CHIKV nsP3 macro domain, native (3GPG) and complexed forms with ADP ribose (3GPO) or RNA (3GPQ) available in the PDB. CHIKV exhibits 66% sequence homology with the MAYV nsP3 macro domain reported in this study. We note that at this stage of analysis the exact symmetry cannot be deduced from powder diffraction as all four space groups have the same reflection condition (00l, l ¼ 3n). Our earlier single crystal studies the nsP3 macro domain from the CHIKV, under cryocooled conditions [16] revealed three structural models which have 66% sequence homology to MAYV. These correspond to the native (PDB code: 3GPG) and complexed forms with ADP ribose (3GPO) or RNA (3GPQ). The three phases of the nsP3 macro domain from the CHIKV are described in space group P3 1 and are associated with cell dimensions significantly altered from those for MAYV at RT, see Table 1 . Nevertheless, CHIKV and MAYV are closely related in terms of calculated Matthews coefficient 2.5, solvent content 50% and sequence homology. The main distinction of MAYV with respect to CHIKV arises from the expected reduced number of molecules in the unit cell (6 mol. in MAYV and 12 mol. in CHIKV).
Preliminary attempts to solve the structure, via the molecular replacement method and a polyalanine initial model folded in the same manner as the native CHIKV (3GPG.pdb), resulted in a list of possible solutions. The highest peaks in the rotation and translation functions correspond to a trigonal unit cell (space group: P3 1 ) with 2 molecules/asu. However, owing to the paucity of these data, additional measurements are required in order to validate these results. A Le Bail fit [26] was performed with TOPAS [27] to obtain precise values of the lattice parameters and characterize the peak shapes and background without a structural model in space group P31 using the peak-shape function of Finger et al. [28] . The refinement proceeded smoothly to convergence. The final fit to the data collected at RT is illustrated in Fig. 4 
Conclusion
In summary, we present structural results of the nsP3 macro domain from the MAYV, an emerging virus of South American tropic regions, by means of SXPD. Two different beamlines at the ESRF, were employed for performing measurements on polycrystalline samples at different stages of crystallization. Initially, data were collected at the high resolution powder diffraction beamline, ID31. Additional measurements were performed at the materials science beamline, ID11, equipped with an area detector, after the sample was kept at 4 C for about 2 months and more crystals were grown. Possible space groups and lattice parameters were identified immediately from both experiments. However, the experiment at ID11 resulted in enhanced data quality which allowed for the identification of the crystallographic phase and preliminary structure solution using the molecular replacement method. We note that although in this case the quality of the high resolution data was compromised owing to the lower sample crystallinity with respect to the ID11 measurements, they were undoubtedly essential for verifying the correct assignment of cell dimensions since several overlapped reflections present in the ID11 profile could be better resolved.
Comparison with known structures of sequence-homologous CHIKV macro domains indicate that MAYV adopts a trigonal/hexagonal structure associated with a looser molecular packing. The cell dimensions of MAYV are significantly altered in comparison to CHIKV and the unit cell comprises 6 molecules and 58% solvent. Structure solution and refinement of MAYV necessitate data of enhanced resolution and thus additional crystallization trials and SXPD measurements are currently in progress. The MAYV itself is an evolutionary puzzle since its closest homologues are in the old world Semliki Forest phylogenetic cluster and MAYV is isolated exclusively in South America. Therefore, any structural information will add pieces to the puzzle of the origin of these viruses and their co-lateral evolution with vectors and man. There are neither vaccines nor drugs licensed for treatment against alphaviruses, so any alphavirus crystal structure and associated function is of importance. This work provides new insights on how the molecular basis of proteins can be adequately unravelled even when suitable single crystals are unavailable. 
